F
OLLOWING a significant and acute reduction in blood volume, compensatory changes are initiated which serve to shunt blood from tissues such as muscle and skin in order to maintain perfusion of the brain and other vital organs. However, few studies are available in which total or partial cerebral blood flow has been determined in man or primates during loss of blood. The present study was undertaken in order to evaluate the effect of repeated small hemorrhages at closely spaced intervals upon continuously monitored blood flow in the internal and external carotid arteries of 20 rhesus monkeys.
Method
Ten adult male rhesus monkeys ranging in weight from 10.4 to 11.4 kg. were studied. The animals received no medications, such as tranquilizers, prior to the procedure. Light general anesthesia was accomplished with sodium pentobarbital (~5-30 mg./kg, of body weight). Following induction the animal was intubated and allowed to breathe spontaneously throughout the procedure. Dissection of the neck was carried out, and one common carotid artery, including its bifurcation, was dissected free. A silk ligature was placed around the external carotid artery so that it could be occluded as desired.
Arterial pressure was monitored continuously in the femoral artery through a short polyethylene catheter connected to a Sanborn electromanometer. Mean arterial pressure was obtained by electrical integration. All recording of data was carried out on a Honeywell Model 1508 Visicorder.
Blood flow was estimated in the intact common carotid artery with a square-wave electromagnetic flowmeter.* The calibration of this instruReceived for publication November 1~, 1963. * Carolina Medical Electronics, Winston-Salem, N.C. ment was carried out by passing known quantities of blood through the sensing probes as described elsewhere. 1~ The calibration factor or flow-perunit signal of the flowmcter remained within S. D. +6.8 per cent during the period of this study. The probe of the flowmeter was placed on the common carotid artery, and both phasic and mean flow were recorded. Flow in the internal carotid artery was obtained by measuring flow in the common carotid during temporary occlusion of the external carotid artery. Flow in the external carotid artery was estimated by subtracting the value for internal carotid flow from the value measured for the common carotid flow. Zero flow was established by occluding temporarily the common carotid artery just distal to the probe.
Prior to bleeding, control measurements of arterial pressure, and both common and internal carotid flow, were obtained. A total of 1 cc./kg. body weight of arterial blood was withdrawn from the femoral-artery catheter every 10 min., heparinized, and stored in a sterile container. Measurements of internal and common carotid flow and arterial pressure were made immediately before and after each hemorrhage. The values taken for analysis were those measurements obtained immediately prior to the withdrawal of blood. This procedure of repeated hemorrhage was continued in 7 monkeys until a total of approximately 100 cc. of blood had been withdrawn. This amount represented an estimated 15-~0 per cent of the total blood volume. 1 In each of the remaining 3 monkeys, a total of 170 cc. of blood was withdrawn. Following the procedure the blood was re-infused, the wounds were closed with interrupted fine silk sutures, and the animal was returned to its cage.
In 7 monkeys, the blood pH, pCO2, and pO~ were determined directly on the control arterial blood and that obtained at the time of the last hemorrhage (Instrumentation Laboratories Model 113). The hemoglobin on these samples was measured spcctrophotomctrically. 4
In evaluating the data, the mean blood pressure and the mean blood flow in the common, internal, and external carotid arteries were de-Tindall, Greenfield, Dillon and Odom termined following each bleeding as described above. The peripheral vascular resistance both for the internal and the external carotid arteries was calculated as: The mean femoral arterial pressure ranged from 90 to 145 mm. Hg with an average value of 116 mm. Hg (Table 1) . There was no direct correlation between the level of arterial pressure and blood flow in either the internal or common carotid arteries.
Values after Hemorrhage.
Although continuous measurements of pressure and flow were made in every animal, only the values obtained 10 rain. following each bleeding were compared. The data obtained after a total of 8 cc. of blood/kg, of body weight had been removed are listed in Table 1 (right-hand column). At this time flow in the internal carotid artery ranged from 13 to 26 cc./min. with an average of 20 cc./min. This decrease from the control flow of 23 cc./min, is not significant (0.1 > P > .05). Flow in the external carotid ranged from 8 to 67 cc./min, with an average of 35 cc./min. This change from the control level of 78 cc./min, is highly significant (P<.001). The flow in the internal carotid artery represents 37 per cent of the total flow in the common carotid artery. Mean arterial pressure ranged from 70 to 127 mm. Hg with an average of 99 mm. Hg, representing a moderately significant change from the control (.05 > P > .02).
There was a proportionately greater reduc- 
